Thaumetopoea ispartaensis Doğanlar and Avcı (
Introduction
Taurus cedar (Cedrus libani A. Rich.) is one of four cedar species distributed across the world. The Taurus cedar, which is naturally found in Turkey, Lebanon, and Syria, is distributed across approximately 482.391 hectares (ha) in Turkey. The broadest natural distribution of Taurus cedar, one of the most important forest trees of Turkey, is in the Taurus Mountains of Turkey. Cedar is significant from the historical, cultural, aesthetic, scientific and economic perspectives (Aksoy and Özalp, 1990; Anonymous, 2015) . It grows in Mediterranean Mountain climates and has distinct ring boundaries. Its growth age is said to reach up to 500 years. Cedar generally occurs between 800 and 2100 m elevations (Evcimen, 1963) .
The species of the genus Thaumetopoea (Lepidoptera, Notodontidae, Thaumetopoeinae) has an important place in forest fauna and human health as they are defoliators of trees and they release urticating hairs at the larval stage that are a source of allergy. Within the genus, there are two groups associated with conifers which are characterized by larval feeding in winter or spring-summer, so the groups are called 'winter' and 'summer' processionary moths (Basso et al., 2016 of the "summer processionary caterpillars." All have their larval development from the beginning of spring until the beginning of summer (Demolin, 1988; El Yousfi, 1989; Kiriakoff and Talhouk, 1975; Mouna and Fabre, 2005) . T. ispartaensis has been identified as a new species from Turkey in the Isparta region of Asia Minor located in the Lakes District area in 2001. T. ispartaensis is one of the most important insects of Taurus cedar forests in the Isparta region and in some forests of Taurus Mountain in Southern Turkey. The only determined host species of T. ispartaensis is C. libani. The wingspan of the males and females is 26-29 mm and 34-37 mm, respectively. The larvae feed on the needless of cedar trees and produce tiny hairs containing and urticating substance, which causes contact dermatitis (Doğanlar and Avcı, 2001 ).
Materials and methods
The studies of the biology of the insect were carried out at Isparta/Senirkent Kapıdağ cedar forest where the insect was first detected. Field studies were conducted between 2012 and 2016 to determine the biology of the pest in natural conditions. Most of the egg clusters and larvae various stages were collected in the forest during study period. Eggs collected from the field were brought to the laboratory and measurements and counts were performed.
The study area was located in the Western Mediterranean of Turkey. It was about 65 km from Isparta city (Fig. 1) . The study area is located at 3806'N., 3045'E., average slope 23, predominately north facing aspect, about 1365 m altitudes, and about 1223 ha in size. The study area is found on calcareous formations of Eocene age. The soil varies from shallow to medium and medium-deep and is generally stony. The soil is varies from shallow, medium, medium-deep, and are generally stony. However, many cracks between limestone blocks contain fine soil and create a physiologically deep soil (Evcimen, 1963) . This region is in the transitional zone between the Mediterranean climate and the continental climate with colder winters and hotter summers. The egg-batches were collected in October-December 2013 and 2014. All eggbatches were taken from underside of twigs of C. libani. Ninety-five egg-batches, oviposited over two annual generations, were studied. After collection, the batches were put singly in test tubes with cotton stoppers and placed in the laboratory at 21-24 °C, where further investigations were also performed. The scales covering the egg-batches were removed, counted and measured. The biology of the pest has been tracked in field conditions. For this purpose, observations were made with periods of 2-3 weeks within the fields, in areas where the spread of the insect was determined. In the egg period, following the hatched of larvae up to pupa period studies were carried out within certain trees. In order to determine some morphological features of T. ispartaensis, several measurements and observations were made in larvae and pupae collected from field. Measurements were performed on 20 individuals for each period. Field observations were recorded on a regular basis and the biology of the insect in natural conditions was determined. Also, mature larvae and pupae brought to the laboratory were monitored until the adult outgrowth, within the plastic containers that have soil in their lower part.
Results
Thaumetopoea ispartaensis (described as Traumatocampa ispartaensis by Doğanlar and Avcı in 2001) is one of the most dangerous pests living in the Cedrus libani forests in the Isparta region and on the Taurus Mountains in Southern Turkey. The pest is distributed between 1250 and 1650 m. The caterpillars feed on the needles of cedar trees and have urticating hairs that cause contact dermatitis especially after the third instar.
The study was conducted in Isparta/Senirkent Kapıdağ Cedar Forest where the most massive damage occurred. It was determined that T. ispartaensis is a monophagous species and feed on only C. libani. T. ispartaensis belongs to the group of the summer processionary moths, just like T. pinivora, and adapts to high elevation.
Adults appear from the mid-August to the end of September, depending on the temperature and altitude (earlier at a lower elevation). Egg-laying started soon after emergence and copulation, as in other Notodontidae species. Copulation started a few hours after the adults had emerged and then egg deposition took place during the same night. Females oviposit on the underside of C. libani twigs. Egg batches are covered by grayish brown scales, similar to the color of the bark, and therefore the batches are indistinguishable. Only one egg-batch was laid by one female during its very short life. Oviposition by the moth in all cases was found to occur from the tip to base of the twigs. This observation was made based on the position of scales which covered the eggs. The eggs were deposited below the surface of the twigs were 2-5 mm diameter (average 3.5 mm). The color of the eggs was white. The length of the egg-batches varied from 7 to 36 mm (average 17 mm). A one cm egg-row contained a mean number of 10.5 (10.1-10.9) eggs (Fig. 2) .
The number of eggs per egg batch varies between 39 and 245 (mean 121). The eggs hibernate and this period continues for approximately seven months. The larvae hatched in the last week of March and the first half of April of the following year and started to cause damage by feeding needles. It was observed that the larvae fed in nights and stayed in nests during day time.
The larvae live together in silky grayish nests until the 5 th instar which is the last instar. They build their loose nests on the trunk or branch of host trees and nests become thicker (but it is still quite loose in comparison to pine processionary moth nests) as larvae feed during 2.5 months, generally between the late April and mid-July. In spring, larvae resume feeding on the needles, reaching up to 3.0-3.5 cm in length by summer. The mature larvae are the most destructive ones and may cause severe infestation resulting in the complete defoliation of large surfaces of cedar forests. The nests become clear in May and grow large at the end of this month. They spin cotton like webs when they are active. The mature larvae of T. ispartaensis live in aggregations in silky nests (Fig. 2) . Damaged parts of the tree with dead agglutinated needles remain long after the feeding period.
Figure 2. Thaumetopoea ispartaensis a) egg batches b) damage that young larvae cause c) mature larvae d) nest of larvae e) larvae on soil for pupation f) pupae
The pupation takes places at the beginning of July in lower elevations, and it takes places in the second half of this month in higher altitudes, in a depth of 5-15 cm of soil, in sunlit cedar forest floors, especially along roadsides. In mid-June, fully grown larvae of T. ispartaensis drop to the forest floor and pupate in the surface litter and soil. There follows a short pre-pupal stage, after which the pupae remain in the litter until adult emergence. The pupa develops in a cocoon which is gray-brown (Fig. 2) . There is no observation about the capacity of the pupae to prolong the diapause. The adult appears in the middle of August, and adult hatchings become the highest level in the last period of this month. Flying period continues in September decreasingly. It was determined that T. ispartaensis has one generation and the mean lengths of egg, larva, and pupa periods are 228, 98 and 36 days, respectively (Fig. 3) . (Demolin, 1988) .
At the same time, the biology of T. ispartaensis, shows great resemblance with the biology of T. libanotica that located in the forests of Bsharry, Tannourine and Shouf in Lebanon. T. libanotica lives in these regions between 1400-2000 m above sea level and its adult period is remarked as August-October (Kiriakoff and Talhouk, 1975; Nemer et al., 2018) .
The egg rows of T. ispartaensis were not generally tidy, more random than the egg rows of T. pityocampa, T. wilkinsoni or T. solitaria. The eggs of T. solitaria are white above, grayish-yellow below, hexagonal and deposited in a flat, one layered, symmetrical, hexagonal cluster. The eggs of T. pityocampa and T. wilkinsoni are deposited around one or more pine needles or small twigs. They are deposited in one-layered cylindrical clusters. Tr. ispartaensis eggs were observed to be white in contrast to the eggs of T. pityocampa.
Cedar processionary moth significantly damages Cedrus libani. In the spring of 1998, a notodontid moth, an outbreak of the cedar processionary moth T. ispartaensis, began about 400 ha in 75-year-old Lebanon cedar trees in Isparta. From 1999 to 2003, CPM larvae were present in the same stands and again caused defoliation. We identified regional outbreaks of CPM by synchronous and sustained growth periods of the trees. Growth functions were defined as the cumulative sum of radial increment. Tree ring evidence suggests that a large scale outbreak occurred in 1954 (from 1954 to 1961) and small outbreaks occurred in 1947 (1947-1951), in 1985 (1985-1988), and 1998 (1998-2003) in the study area. The average diameter growth reductions for around 1947, 1954, 1985, and 1998 were 40%, 28% 17%, and 10% of potential, respectively. T. ispartaensis population in Isparta has been observed since 1999, and an outbreak was recorded only between 1998 and 2003 (Avcı and Carus, 2005) , whereas it was impossible to see even a single nest in some years such as 2012. Further studies are indeed required to understand the population dynamics of the species.
The conifers of the genus Cedrus seem to be associated with the summer Thaumetopoea, although further studies are needed to clarify the evolutionary history of the group (Basso et al., 2016) .
Thaumetopoea ispartaensis belongs to the Thaumetopoea genus, of which four other species are wide spread in Turkey, namely wilkinsoni, pityocampa, solitaria and processionea attacking various types of plants and trees. A detailed study of the biology of the cedar processionary moth in the all stages has been presented in this study.
